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Lower Extremity Risk Assessment in Athletes Following a Traumatic Brain Injury
Abstract
Background: According to the Centers for Disease Control and Prevention, Concussions are a
major health disorder. Continued research regarding the impact of concussions on athletes has
led to an increased risk for lower extremity injury across a variety of populations following head
trauma. Guidelines from the CDC use a self-reported symptom and cognitive examination for
return to play. Purpose: Current recommended guidelines increase the risk of lower extremity
injury due to failure of identifying neurological deficits that persist following a concussion. This
literature review aims to identify if athletes diagnosed with a concussion are at an increased risk
of sustaining a lower extremity injury compared to non-concussed athletes. Methods: A
comprehensive literature review was conducted using <PubMed, EBSCOhost, ERIC,
SPORTDiscus> using search terms <(athletes) and (Head injury, TBI, Traumatic brain injury,
Concussion) and (Lower extremity injury, ankle injury, Knee injury)>. Inclusion criteria were
studies published in 2015 and newer. Exclusion criteria were studies that were not in English.
Conclusions: Following a concussion, neurological deficits linger for an unestablished period,
increasing the risk of lower extremity injuries. Studies have observed altered postural control,
gait, stiffness, and jumping ability leading to lower extremity injuries. Current Center for Disease
Control and Prevention guidelines recommend a symptom and cognitive approach for returning
athletes to participation. By establishing a return to play examination that identifies neurological
deficits lower extremity injuries may decrease.
Key Words: (Concussion or Head injury or TBI), (Lower extremity injury, ankle injury, Knee
injury), (Athletes, Sports)

Lower Extremity Risk Assessment in Athletes Following a Traumatic Brain Injury
Introduction
A concussion is a traumatic brain injury that occurs when any kind of impulsive force is
transmitted to the head caused by either a direct or indirect blow anywhere to the head, face,
neck, or elsewhere. This type of injury is highly prevalent in high-impact sports such as
American football, soccer, and hockey. There is believed to be a range of 38 million children and
adolescents who participate in organized sports as well as 170 million adults in various forms of
physical activity1. According to Daneshvar D et al, an estimated 1.7 million people sustain a
traumatic brain injury annually resulting in 1.365 million emergency room visits and 275, 000
hospitalizations annually in the United States1. Individuals who sustain sports-related concussion
can present with a variety of symptoms including physical symptoms such as loss of
consciousness, amnesia, behavioral symptoms such as irritability, cognitive impairment causing
a delayed reaction time, sleep disturbance such as excessive drowsiness, somatic symptoms
causing intermittent headaches cognitive symptoms making an individual feel as if in a fog as
well as emotional symptoms 1. Due to the variety of symptoms that an individual can present
with as well as the rapid onset and spontaneous resolution many concussions can be missed by
athletes, coaches, and healthcare providers leading to a large proportion of underreported
concussion injuries1.
The prevalence of concussions amongst athletes continues to further the research into the
effect that concussions may have on athletes due to a compromised or possible decline in
physiological function. Following a sport-related concussion, athletes have demonstrated
decreased ability for complex movement which is believed to be related to an altered state in the

central nervous system or possibly an adaptation in the motor program for tasks or both2. Within
the first year following a concussion, it is believed athletes have a 1.9 to 3.5 risk of sustaining a
lower extremity injury2. Although research continues to progress it is highly suggestive that
lingering postural instabilities, gait, and stiffness play a role in the increased risk of lower
extremity injuries following a concussion 2,3,4. Currently, guidelines for return to play following
a sports-related concussion according to the CDC is a 6-step process5. The return to play is
conducted symptom-based and players only progress to the next step if no symptoms are present
during the current step. As listed on the CDC website5, the steps are as follows:
Step 1: Back to regular activities (like school)
Step 2: Light aerobic activity
Step 3: Moderate activity
Step 4: Heavy, non-contact activity
Step 5: Practice & full contact
Step 6: Competition
To answer the research question, are athletes diagnosed with a concussion at an increased
risk of sustaining a lower extremity injury when compared to non-concussed athletes, this
literature review will provide a brief historical review of the research on concussions and postconcussion outcomes. The current literature surrounding the increased risk of lower extremity
injuries relating to athletes with a concussion will be presented. Following this, specific areas of
deficits that occur with concussions that lead to LE injuries including postural control, gait,

jumping, and stiffness will be presented. There will then be a presentation on the prevalence of
concussion and LE injuries amongst high school athletes, followed by research on post-athletic
career long-term complications, and finally, research providing prevention and
recommendations.

Methods
A comprehensive literature review was conducted using < EBSCO eBook, EBSCO
MegaFile, ERIC, SPORTDiscus, CINAHL> using the search terms <Head injury or TBI or
Traumatic Brain Injury and Lower extremity injury or ankle injury or knee injury and Athlete or
sports >. Inclusion criteria were studies that were published from 2015 to present with full text
available, studies that took place in the United States, Athletes participating in organized sports
at the high school, university, and professional level, athletes who had a history of concussion
followed by a lower extremity injury, Athletes with injuries that caused time lost from
participation. Exclusion criteria were studies that were not in English, full text not available, and
Athletes with injuries that did not cause time loss.
Review of the Literature
Increased Risk
This paper will first address the increased risk of lower extremity (LE) injuries as it
relates to athletes with a history of concussions. A study by Harada GK, Rugg CM, Arshi A, Vail
J, Hame SL. observed 48 Division 1 athletes with a history of multiple concussions. The study
hoped to further identify the relationship between concussions and lower extremity injury when
returning to play. Concussions are one of the most prevalent injuries in sports and to better
support and prevent further injury, cohort studies, like this one, help aid in understanding the
complexities and aftermath of concussions on the body6. Athletes with multiple concussions
were placed in groups consisting of an athlete with one concussion and an athlete with no history
of a concussion6. These athletes were also matched by sport, sex, position, and the number of
games played to ensure that there was an equivalent comparison. Lower extremity injuries were

recorded through completion of collegiate career, the time between concussions as well as lower
extremity injuries6.
Upon comparison, athletes with a history of multiple concussions were 75% more likely
to experience lower extremity injury as compared to those with a history of only one concussion.
When compared to those with a history of no concussions, athletes were 95% more likely to
experience lower extremity injury if athletes had a history of multiple concussions6. This study
also observed that there was no significant difference in the increased chance of lower extremity
injury in those with no history of concussion and those with a history of only one concussion8.
The study also noted that athletes were 2.48 times more likely to experience lower extremity
injury within the 90 days post concussion7.
The study concluded that there is a correlation between the number of concussions and
increased risk of lower extremity injury in addition to the time between concussion and lower
extremity injury. This is assumed to be a result of possible neuromuscular control deficits
because of the concussions. Thus, the number of concussions could be a useful indicator to
predict the likelihood of lower extremity injury and could recommend suggestions of adding
preventative measures in return-to-play protocol6.
The next study by Herman DC, Jones D, Harrison A, et al. also addressed the correlation
between concussion and lower extremity injury. This observational, historical cohort study
collected data between 2006-2013 from men’s football and women’s lacrosse, soccer, and
basketball3. All were NCAA division 1 athletes’ and had reported concussions with return-toplay with at least 30 days left in the season. A total of 73 athletes were identified and these
athletes were compared to 2 control athletes who had no history of concussion8. The goal of the
cohort was to observe the severity of injuries sustained and any difference in the musculoskeletal

injury sustained within 90 days of concussion as compared to those with no concussion in the
same time frame8.
All athletes with data were reported as ‘starters’ if they started in at least fifty percent of
in-season play as opposed to ‘reserve’ players who started less than fifty percent of matches with
a goal ratio of 2:1 non-exposed to concussion athletes to exposed 8. In the case more than two
non-exposed athletes matched an exposed athlete, they would be used for analysis from a pool of
available non-exposed athletes and use of a random sequence generator. Those who had a
concussion over 6 months prior were excluded along with those who failed to return to play due
to unrelated musculoskeletal injuries, those with less than 30 days left in the season, and any
athlete who received a concussion in the off-season8.
The study concluded that athletes with a concussion experienced lower extremity
musculoskeletal injury at a rate of 50% in comparison to 20% of those with no concussion in the
same time frame8. In addition, concussed athletes were 3.39 times more likely to experience
lower extremity musculoskeletal injury. Days lost were similar regardless of the history of
concussion8. The main strength of this study was the ability to base the data collected by
comparison of exposed and non-exposed athletes to concussion, matching athletes by sport,
position, and starting status confirming the hypothesis of increased risk of lower extremity
musculoskeletal injury following a concussion. The increased risk of injury is believed to be
from an impairment in neuromuscular control from a reduction in excitability in the motor
cortex. An alteration in neuromuscular control has been noted to persist for an unknown period
well past the point of symptomatic resolution 8.

In addition to an overall increased risk of lower extremity injury in athletes following a
concussion, this paper will now present the research on specific area deficits that occur with a
concussion that led to LE injuries including postural control, gait, jumping, and stiffness.
Baseline Postural Control
A study conducted by Murray N et. al, sought to investigate postural control metrics and
lower extremity injury incidence in national collegiate athletic association division I students
athletes2. In addition to identifying the relationship between baseline postural control and lower
extremity injury incidence, it was believed postural-control complexity would distinguish
between those with and those without a history of a sports-related concussion which could be
used as a predictor of lower extremity injury occurrence This study was conducted by evaluating
84 Division I student-athlete participants over a one-year period to view all portions of an
athletic season including pre-season, in-season, post-season, and off-season. The 84 volunteering
participants included 11 females and 31 males with an average age of 19 who were presently
competing in a university-sanctioned sport. The group of 84 volunteers were divided into two
equal groups of 42, one group of forty-two had a history of medically diagnosed concussions and
the number of concussions was self-reported2. The second group of 42 student-athletes was
matched to the first group by sport, position type, age, height, weight, and sex. The second group
of students would be the control group and did not have a self-reported history of concussion2.
All student-athletes participating had complete and available medical records.
During preseason all student-athletes were separated into two groups, those with a
history of concussion and those without, assessed for baseline postural control by performing 3
trials of eyes open, eyes closed upright stance on a 40 cm 60 cm force platform, data from 10
trials would be collected for analysis2. The data collected using the forced platform was used to

identify differences between athletes with concussion history and those without by comparison
of eyes open and eyes closed trials to identify postural control complexity differences between
the groups of concussion history and those without. Chi-square tests were used to determine
lower extremity injury association with concussion history, concussion incidence, injury
incidence, and sex. Finally, regression models would be used within the study to determine if the
use of postural control metrics could be used as a predictor of lower extremity injuries within
both groups, history of concussion, and non-history of concussion. Eye open and eyes closed
showed no significant difference between either group. After a full athletic season, studentathlete medical charts were reviewed for all recorded lower extremity injuries sustained during
that period. Lower extremity injuries would include any acute or chronic injuries to soft tissue
injuries, fractures to the hip groin, thigh, knee, lower leg, ankle, or foot area. Injuries to athletes
documented as contusions, abrasions, and lacerations would be excluded2.
Following the course of the athletic season, 27.4% of the student-athletes had
documented injuries2. Of the 42 participants with a history of a concussion 15 sustained acute
injuries, and 27 reported no injuries. Of the controlled group participants, 8 sustained an acute
injury while 34 reported none. Of the lower extremity injuries sustained by the participants,
sprains and strains of the ankle and thigh were the most common type and location2. There was a
high association seen between concussion history and injury incidence ( x2 1 = 2.93, P – 0.43)
for a lower extremity injury resulting in relative risk of 1.88 (95% Confidence interval = 1.09,
3.95) for lower extremity injury with a history of concussion2. Participant gender did not
influence the association (P =.989) nor did the number of concussions within the injury rate (P=
.791)2.

Concluding the study, a correlation between student-athletes who had a history of
concussion and association with increased risk of lower extremity injury could be made. Based
on the information collected there was a 1.88 increased risk of sustaining a lower extremity
injury compared with the control group with no concussion history2. Although the data
concluding the study suggested athletes with concussion history had an increased risk of lower
extremity injury, static upright-stance postural control metrics involving eyes open and eyes
closed stance was not a viable predictor for lower extremity injuries The resulting information
closely matches previous authors and supports increasing literature indicating a history of
concussion and its association with lower extremity injuries.
This study addressed its limitations for future studies to keep in mind. There was a lack
of exposure rated which could limit the ability to generate more robust regression models and
identify the relevant association with postural control metrics and lower extremity injury risk,
larger sample size, the truthfulness of student-athlete history reporting, incorrect data input, and
quiet upright stance not being challenging enough for student-athlete population2.
Overall, the resulting information indicated that baseline static upright stance postural
control metrics did not predict lower extremity injuries in athletes with concussion history but
did play a role in identifying the increased injury risk. In addition to an upright stance, exploring
the correlation between concussion history and gait will also be discussed.
Gait
The next study by Oldham, Howell, Knight, Crenshaw, and Buckley addresses the
possible effects on gait after a concussion3. The consensus guidelines currently recommend that
healthcare providers use a multifaceted approach post-concussion. The recommended
multifaceted approach includes a self-reported symptom, and cognitive and postural control

examination. Postural exam indicator has shown a correlation between concussion and increased
risk of lower extremity injuries. Although positive findings have been found, the balance error
scoring system used to examine postural control has limitations in clinical settings and may not
identify lingering deficits. Analysis of gait has demonstrated great effectiveness when assessing
postural control in the latest 5th consensus statement on concussion3.
Although further research is needed to understand how lingering postural control
following a concussion contributes to an increased risk of lower extremity injuries, studies have
shown professional athletes are 2.2 times greater risk, collegiate athletes are at a 2.5 times risk
and high school athletes 1.34 times risk of sustaining a lower extremity injury within the year of
sustaining a concussion9. Oldham et al performed a study to identify gait alterations amongst
those who sustained a lower extremity injury post-concussion vs those who did not.
The study included 34 collegiate student-athletes, 16 with a lower extremity injury and 18
without. The participants all had a history of concussion from 2015-2018, had been diagnosed by
a certified athletic trainer, had baseline and post-concussion gait data, and had a time frame of at
least a year post-concussion 4. Participant data were collected before their respective seasons by
completing baseline testing and repeated following a formal diagnosis of a concussion with the
use of a wearable triaxial accelerometer. Participants performed five single task trials which
included walking a 10-m walkway to a specific point and returning to the starting point3. Five
dual-task gait trials were also performed by having participants walk the same distance while
simultaneously mini-mental questions. Patient single and dual-task gait trials were analyzed for
gait speed, double support, cadence, stride length, cognitive accuracy, and dual-task cost3.
Concluding the trials, a significantly slower single task and dual-task gait speed were
identified in those participants with lower extremity injuries compared to no injury4. Participants

with lower extremity injuries also appeared to spend a greater amount of time in double support
during both single and dual-task trials. These findings suggest participants display a gait strategy
following a concussion by slowing their gait and spending more time in double support before
and after sustaining their head injury3.
Although there were observable differences in gait performance, athlete injury, and
mechanism of an injury must be considered for the increased rates of injury assessed throughout
the athletic season3. The sample size used for this study was limited due to the complex schedule
student-athletes adhere to; however, the inclusion of both pre and post-injury data strengthens the
study. This study suggests gait analysis may be a useful assessment to use in identifying the
potential risk of athletes sustaining a lower extremity injury following a concussion 3. In addition
to postural control and gait, jumping will also be discussed as a possible area of deficit following
concussion.
Jumping
Similar to the previously discussed articles observing movements for post-concussed
athletes, the following will discuss the study by Lee, Blueitt, Hannon, Goto, and Garrison, which
observes the relationship between post-concussion athletes and the movements during jumplanding tasks10. Using biomechanics analysis, Lee et. al., observed an increase in knee valgus
and internal rotation with jump cut maneuvers 0.9 to 6.5 years following a sport-related
concussion10. Much of the current literature identifying the relationship between concussion and
lower extremity injuries is based on results in collegiate and professional athletes. These findings
have also been identified in younger athletes. This study was conducted to compare and identify
lower extremity landing mechanics due to altered biomechanics between adolescent athletes’
post-concussion and non-injured athletes during a jump-landing task.

To identify an alteration in athletics biomechanics, 42 athletes were used in the study.
Participants included 21 athletes who had a history of sports-related concussions averaging 16
years of age 169 cm in height and 63 kg in weight10. Athletes without a history of concussion
were matched with injured athletes by age, height, and weight. Both groups of athletes were
involved in level 1 sports such as basketball, football, or soccer, or a level 2 sport: baseball,
softball, no history of lower extremity injury and had not been injured with the 3 months leading
to the start of the study10
Participants wore reflective markers placed on various bilateral lower extremity
landmarks, performed jump land tasks on 2 force plates, and captured on a 3-dimensional motion
capturing system. Jump landing tasks were accomplished by having athletes jump off of a 30-cm
box set at 50% of their height from the force plate into an immediate vertical jump10.
Concluding the measured jump task, athletes with a history of a sports-related concussion
demonstrated a significant increase in internal knee extension, internal knee-varus as well as less
knee-flexion displacement when viewed from a sagittal plane in the dominant and non-dominant
extremities specifically the dominant leg when compared to the uninjured group 10. Based
recently on the literature, subclinical deficits in cognitive function, reaction time, gait, and
neuromuscular control are present for extended periods after an athlete returns to play. The
literature suggests the impairments an athlete sustains following a concussion led to an increased
risk of anterior cruciate ligament injury due to increased knee abduction and quadricep dominant
landing pattern when landing10. The altered movement forces athletes to shift to more ligamentdominant movement patterns which lead to an increased risk of injury. The evidence gathered
from this study adds to the growing research demonstrating an increased altered movement
pattern in athletes following a concussion when compared to non-injured athletes10.

Stiffness
As previously discussed, increasing research is identifying neuromuscular changes
following a concussion that appear to be contributing to the increased risk of musculoskeletal
injuries in athletes. The recent research regarding this topic has used a patient's gait following a
concussive injury as an identifying factor but few studies have been conducted by examining
more demanding tasks. This study by Dubose DF, Herman DC, Jones DL, et al, measured
increased and decreased stiffness within the lower extremity by measuring neuromuscular
function in jump landing tasks in athletes who had been diagnosed with a concussion vs those
without injury4. Stiffness in regarding this study was measured based on Hooke’s law: the force
required to extend or compress a spring by a distance is proportional to that distance. Stiffness in
this study modeled the whole body as a mass, spring, and the ability of body segments to resist
displacement following vertical ground reaction forces which are regulated by muscle
recruitment4.
This study was conducted based on research on 39 Division I football players 13 with a
history of concussion and 26 uninjured players with no history of concussion5. The athletes in the
study completed a preseason and postseason musculoskeletal screening during their competitive
season and compared 2 uninjured athletes to 1 injured athlete based on similar age, position
played, and competitive season. The participating cohort was observed with the main interest of
exposure being a diagnosed concussion and leading to the outcome of interest of leg, hip, knee,
and ankle stiffness4.
To evaluate the athletes a 12- camera motion capture system, as well as a force plate, was
used to identify lower extremity neuromuscular deficits5. Using reflective markers placed on
various positions on the lower extremities’ athletes completed single leg jump landing tasks off a

25.4 cm step onto the force plate, trials were considered successful when the athlete was able to
maintain balance for three seconds. After successfully completing the trial it was repeated on the
contralateral leg4.
Before the season, starting athletes had no differences in stiffness measurements between
either group. Based on the data collected after this study, athletes who had been diagnosed with a
concussion during their respective season demonstrated an increased altered stiffness from preseason to post-season when compared to the non-injured athletes4. Concussed athletes displayed
altered knee stiffness with increased peak knee moment and decreased angular excursion. It is
believed that altered knee landing mechanics are related to a change in quadricep function due to
decreased strength which occurs following a concussion4. It is believed that patients with a
decreased knee angular excursion are an attempt to increase knee stability because having less
knee flexion subjects rely more on ligamentous tissue, the tightened collateral ligaments, to
stabilize the knee4.
This study successfully identified an alteration in stiffness across the lower extremity
amongst athletes who had been diagnosed with a concussion versus those without concussion
injuries4. The return-to-play protocols used by healthcare providers are multifaceted and
complex; however, these protocols lack neuromuscular measures from a high-demand athletic
task. The finding of this research implies a neuromuscular deficit in concussed athletes alters
lower extremity stiffness which increases the risk of lower extremity injury.4
High School
The following research specifically studies high school level athletes to serve as a
comparison if results differ in younger athletes and to add context where little was before. The
observational cohort study by Lyndall, et.al. observed one hundred and ninety-six high schools

across twenty-six states. 27 different sports were included in the study and data was pulled from
the National Athletic Treatment, Injury and Outcomes Network. Athletic trainers provided
information about concussions and musculoskeletal injuries11. The study took statistics on three
key areas: total number of lower extremity injuries, those with time loss because of those
injuries, and those with injury but no time loss as a result of injury. The key indicators when
examining results were the total number of previous injuries, number of previous concussions,
number of prior lower extremity injuries, amount of previous upper extremity injuries, and sports
contact classification11.
After observing over 18,000 student-athletes there was evidence to support that, like
previous cohort studies on collegiate and professional athletes, there is an increased risk of
musculoskeletal lower extremity injury after having a concussion11. The study specifically
highlighted that there was a heightened risk of time-loss lower extremity injury as compared to
non-time-loss lower extremity injury in addition to finding predictors that a history of previous
lower extremity injuries increased the odds of sustaining further injuries. With a previous lower
extremity injury, the odds increased by 12% of sustaining another lower extremity injury11.
Concerning the history of concussion and lower extremity injuries for every previous
concussion, the odds of sustaining a time-loss lower extremity injury increased by 34% with a
total number of injuries as a protective factor11.
It is important to note the study originally separated findings between gender and school
grade but determined that neither was an indicator and thus was removed from the conclusion. In
addition, the concussion rates were significantly higher in athletes who played football, so this
became its own category in the sport contact classifications11.
Post-Athletic Career

While much of this research article delves into the relationship between concussion and
subsequent lower extremity musculoskeletal injury, the article by Lynall et.al, further observes
the long-term effects and possible indication of future osteoarthritis 12. This case-control study
surveyed National Retired Football League players about Demographics, Osteoarthritis, Lower
Extremity Injuries, and Concussion History. The purpose was to try and see if there was any
correlation between the topics and any unknown long-term effects. It has been hypothesized that
concussions can cause changes in gait3, stiffness4, and jumping patterns10 which can potentially
lead to lower extremity injury. These same anomalous movements have also been linked as
possible indicators for osteoarthritis13,14. Thus, it is a logical assumption that one could be an
indicator of the other.
A total of 6,533 retired NFL players were sent surveys with a total response of 3,226
players and, a total of 2,696 responses were used to remove those who did not complete the full
survey12. A binomial regression model was used to dissect data into allocated categories.
Specifically, the categories of age, history of concussions, history of osteoarthritis, and history of
lower extremity injury were examined. Responses were also broken up into those 55 and older
and those 55 and younger12.
Results suggested that there may be a correlation between osteoarthritis and retired
National Football League players. In addition, there is a possible association between retired
NFL players with a history of concussion and osteoarthritis, specifically those 55 and younger12.
Those with a higher history of reported concussions showed a higher correlation to osteoarthritis.
This specific study did not show that a history of concussion, with lower extremity
musculoskeletal injury, resulted in any significant correlation or prevalence of osteoarthritis12.

While this is not conclusive, it does suggest that there may be additional long-term effects on
post-concussion athletes and further research should be done.
Prevention of Injuries
Although the following study is not concussion specific, it does make note of concussions
as one of the most commonly reported injuries of the athletes studied. The intention of including
this study is to further reiterate the prevalence of concussions among athletes and identify
possible ways to decrease this injury from first taking place, thus potentially decreasing the risk
of further lower extremity risk.
This study completed by Åman M, Forssblad M, and Larsén K, observed four sports
federations, floorball, soccer, handball, and ice hockey to see what were the most common
injuries15. These four sports were selected due to having the highest reports of acute injuries 15.
The objective of the study was to identify which body part was most frequently injured and
those, which leads to permanent medical impairment. Concussions were noted in the top four
most common injuries reported. In addition, the study wanted to propose possible preventions to
avoid these injuries15.
The study used Folksam Insurance medical claims to gather data through the Swedish
Sports Confederation. All national players are required to use Folksam Insurance provided
through the sports confederation16. The degree of Permanent Medical Impairment was
determined within 1-2 years of the injury occurring and used a scale of 1-99%16. Injuries were
grouped into several different categories which included ‘sprain/rupture’, ‘contusion/laceration’,
‘dental injuries, and ‘concussions’16. Concussions were so common they became their own
category while other injuries to the head and face fell into a separate category.

A total of 92,162 were registered for all four sports. The study was observed from 20062015 and for ice hockey from 2006-201215. Of all sports, the knee was the highest reported
injury, except for male hockey players who had ‘dental injuries’ and the highest reported injury
with concussions making the top four. As a result, it was recommended that prevention measures
should focus on the knee, head, and face. Examples of prevention included NMT training
programs, safety equipment, and implementing rule enforcements to further protect players10.
Discussion/Analysis
The prevalence of concussions amongst athletes continues to further the research into the
increased risk of lower extremity injury. There is also increased discussion on the effect that
concussions may have on athletes due to a compromised or possible decline in physiological
function. Following a sport-related concussion, athletes have demonstrated decreased ability for
complex movement which is believed to be related to an altered state in the central nervous
system or possibly an adaptation in the motor program for tasks or both. There are many
complex side-effects associated with concussions including, postural control, changes in gait,
changes in jump-landing tasks, and lower extremity stiffness. In addition, based on the previous
research, there is no change in younger athletes as compared to older athletes concerning lower
extremity injury after a concussion. It is also reasonable to assume that there will continue to be
life-long effects for athletes that experience multiple concussions in their lifetime.
This literature all points in the direction that the guidelines and recommendations for
return to play after a concussion should include more specific neurological examinations and
treatment that focuses on altered gait, stiffness, and postural control in addition to the current sixstep protocol. By including a more specific and comprehensive RTP protocol that focuses on
neurological deficits, healthcare providers can identify athletes who are at an increased risk for

potential lower extremity injuries. By identifying high-risk athletes, the sports medicine team can
provide athlete-specific rehabilitative protocols before releasing them to full participation.
The prevalence of concussions amongst athletes continues to further the research into the
effect that concussions may have on athletes due to a compromised or possible decline in
physiological function, and neuromuscular control second to reduced excitability of the motor
cortex as well as alterations in neurocognition8. Following a sport-related concussion, athletes
have demonstrated decreased ability for complex movement patterns and a diminished capacity
for motor planning which is believed to be related to an altered state in the central nervous
system or possibly an adaptation in the motor program2. There are many complex side-effects
associated with concussions to including postural control, changes in gait, changes in jumplanding tasks, and lower extremity stiffness 2,3,10.
Alterations to the motor cortex increase intracortical inhibition, reduce intracortical
excitability, decrease metabolic excitability as well as affect aspects of motor control including
motor planning, recruitment, and coordination that can persist well beyond a 90-day “window of
susceptibility”3,5 which was the time frame used in studies used for this literature review. An
alteration in motor recruitment and muscle strength following a concussion is believed to affect
quadriceps voluntary activation affecting knee movement patterns. If quadricep voluntary
activation is deficient the athlete’s strength, and peak force become impaired4. Motor cortex
impairment also affects gait decreasing movement time and leading to a conservative gait speed
which has been observed following a concussion. Studies have shown the glutamatergic
excitatory neuron regulated by motor action of the basal ganglia and a decrease of glutamate in
the primary motor cortex which controls gait speed can linger following a concussion affecting
postural control due to an incomplete neurological recovery increases the risk of lower extremity

injury4. Based on the previous research, there is no change in younger athletes as compared to
older athletes regarding lower extremity injury after a concussion. It is also reasonable to assume
that there will continue to be life-long effects for athletes that experience concussions in their
lifetime.
This literature all points in the direction that the guidelines and recommendations for
return to play after a concussion should include more specific neurological examinations and
treatment that focuses on altered gait, stiffness, and postural control in addition to the current sixstep protocol. A suggestion would be adding neuromuscular evaluations in return to play
guidelines due to the evidence supporting that current return to play guidelines post-concussion
is not currently addressing the neuromuscular deficits that may be present.
An example of this currently being used is the FIFA 11+ guidelines2. FIFA 11+ takes 20
minutes to complete and is executed twice a week. There are 3 parts and a total of 15 exercises
that are all to be performed in a specified sequence 17. Part 1 includes running exercises with
active stretching and controlled partner contacts. Part 2 is six sets of exercises focusing on core
and leg strength along with plyometric and balance17. Part 3 is running exercises at full speed
along with the change of direction, planting, and cutting movements.
The key to this programming is correct execution and proper technique. Focusing on
form and moving through each step, only when the previous step has been perfected could help
catch neuromuscular deficits. By developing a more specific and comprehensive return to play
protocol that focuses on the deficits, healthcare providers can identify athletes who are at an
increased risk for potential lower extremity injuries as compared to the current protocol. Further
research should be done to determine what effective return to play protocols may look like and if
it influences the probability of lower extremity injury in post-concussed athletes.

Conclusions
In conclusion, this literature review wanted to answer the research question “are athletes
diagnosed with a concussion at an increased risk of sustaining a lower extremity injury when
compared to non-concussed athletes.” A brief historical review of the research on concussions
and post-concussion outcomes was provided. It noted that 1.7 million people sustain a traumatic
brain injury annually resulting in 1.365 million emergency room visits and 275, 000
hospitalizations annually in the United States. The literature surrounding the increased risk of
lower extremity injuries relating to athletes with concussions was presented. It noted that based
on the current research there is reason to believe athletes are at a higher risk of sustaining lower
extremity injury post-concussion. Then specific areas of deficits that occur with concussions that
lead to LE injuries including postural control, gait, jumping, and stiffness were presented. All
studies confirmed there is statistical significance showing changes in postural control, gait,
jumping, and stiffness post-concussion. Then a presentation of the prevalence of concussion and
LE injuries amongst high school athletes, followed by research on post-athletic career long-term
complications, and finally research providing prevention and recommendations were all
presented and discussed.
This literature review concludes that the current research shows statistical significance in
the relationship between concussion and lower extremity injuries. In addition, more research
needs to be done on the long-term effects of concussions and lower extremity injuries in addition
to reevaluating return to play protocol for athletes with a history of concussions.
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